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DESCRIPTION METHOD OF PRODUCING GLASS 5 Technical Field
The present invention relates to a method of producing a glass
characterized in its refining process, and particularly to a useful method of
producing an alkali-free glass. 10 Background Art In melting a glass raw

material, a so-called refining ag g&@%@reﬂning agent has, in
general, the effect of growing b y d gdas generation through its
decomposition and thereby promoting the removal of the bubbles

contained in the moltgirgfass in e PRi@istageNdthd rees15 material

melting process. In the later stage of the melting process, the refining
agent also has an effect of absorbing the gas in residual minute bubbles
ﬁiéﬁl&‘ﬂ?édhe elimination thereof. In the case of an alkali-free glass,

arsenic Thaxishe:686203) basiheesl dised@a suethadefihirgdgent deass
sﬁggmefmsﬁom { saRispauabled e sler el 45208 AiASa of

e raw materia es in “oxygen ffo e surroundings in t
G A5 HHsE888 that it turns into As205, and then As205
releases the oxygen when it turns back to As203 again at a higher
fﬁi@ﬁ’&f@%ﬂ A&erefore when using arsenic trioxide as a refining agent,
an OXIdiZIn agent is added into the glass raw 25 i%terl I in order to

SccolerdX eﬁgn@g RGBS IAb R FRHEEAGP NG!S added.
Anedfing neacgiont df dse imaterialia A slsu efffect afidizingragbobldesitmate gas

mm\h'ﬂﬁ%%ﬂvi%ﬁww zp%éﬁiﬁ}?\é!ﬁd%%?‘BWﬂ{&ﬁ&%etﬁ'%%Qé%val of
same effe Harfdbooka% ass I%fglneerkn%
& Xi%%btﬁ&s&m%ﬁ AP P AR R L BT 2086 5 Shoyaw
weserizd ikt g inrmepsriotidéhshRiospa desd tbmrthbtmwmss the

ﬁéiﬁiiiﬁ‘% @@th%ﬂ%@!ﬁaﬁ@ﬁ & %@%’b%ﬁ@%ﬁér@%ﬁ ob ABRNGninute

cent varl us lelds ere ﬂave lgeen concerns about the
S an én:[ f) m1 a
verse IMpP&acts o se of tOXIESH stances onh the environment. Also

in 35 thkaffdig e&e@mwlalkelgr%rss glawty aeapietTioTidglidehstdas been
aisglay %‘ﬂi@ht@tﬁﬁiﬁiﬁgeiﬁg@ﬁem@h@&éﬁﬁ@ﬁg\ﬁhﬂﬁhm&)ﬁ%@gﬁ@na”y

SR QO AT S TR
Qppr:gelzj‘g_q_@g%)e surroundmgs in the temperature raising process so that it
turns into As2Os, and then AspOs releases the oxygen when it turns back to
Asg303 again at a higher temperature. Therefore, when using arsenic
trioxide as a refining agent, an oxidizing agent is added into the glass raw
material 1n order to accelerate the change from AszOs to AszO5 in the initial
stage of the melting reaction of the material. As such an oxidizing agent, a
nitrate commonly is used.

Meanwhile, it is known that antimony trioxide (Sb20O3) shows the
same effect as As203. “Handbook of Glass Engineering” (edited by
Masayuki Yamane, et al., Asakura Shoten, 1999, p. 292) describes that
antimony trioxide (Sb203) is “less toxic than arsenic trioxide, and therefore
has more often been used instead of arsenic trioxide.”

Recently, in various fields, there have been concerns about the
adverse impacts of the use of toxic substances on the environment. Alsoin
the field of an alkali-free glass mainly used for THET liquid crystal display
substrates, the replacement of As203, which has conventionally been used as
a refining agent, with more environment-friendly Sb203 has been proposed
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JP10.114538A discloses an alkali-free glass production method in which
As203 is not used as a refining agent, characterized in that "0.05 to 2
wt% of Sn02 and 0.05 to 3 wt% of Sb203 are added as refining agents." 5
JP10-231139A discloses an alkali-free glass production method in which
As203 is not used as a reflnla'% ?gﬁnt characterized in that "0.05 to 3

Sk

Wegs Erstosniga HEPie 1 adARHdR of C12 are added
as reflnﬂglagm%'%ahmﬁosmmlaﬁe}tlﬂlng"qaergha@@mdmmonynethod in

&@m%t BiSiUSeH AR edCad ?P&Mﬁg%@%ﬂ?%‘%&%@@ﬁ%ﬁ‘l@% “0.05 to 2
tr|OX|d 03) hat |satr|valgnt ££n¢§)ng é%?{ﬁé_landb ok ofGass .
L SIOP a5y A6 b baa &R SRA PG RIES.
298) ded&ﬁtﬂbﬁaﬂaﬁ%m@amalkamﬁmﬁa% oo sethod in
%@&m%g@mt%t&w@%@@%)ah@éil?rﬁﬂgfﬁgeafﬁlé&@tﬁa&éﬁﬁéﬁﬂlﬁm&ﬂ«o .05 to 3
n an N en atis a mul oxiae
B e e i i S AR e Tl R B fled s
mﬁm@gm’,’ Zn, Ca, Sr, Ba, Li, K, Al, Si, Ti, Sn, Zr, Ce, La, Nb and
pP." JPlg%@ﬁ%%ﬁ'tﬁ%@ﬁ@ﬁf Iﬁrggqﬁ@mﬁll Hlfﬁxmﬁ%l?ﬁlbh!w@&lﬂ@tﬂﬁi?@éiy u%@d as
xlde IS Us are agen n tni upll e u
EIHGR BREoA ben ourc i Ao Srae (ol O R e dtivalent

a@ﬁtm@nafg@md@ nitt ek af @l@ﬁ@.ﬁglggmm@é’d wélakuﬁ'é?arfbMorlya,
shahga aultimanyHoeside 98s, a;ntm@nd@mﬁmédehandgmﬁlmammmte

g&g&@giobn(%a?f’g%%éﬂe'%'%%ﬁgpe%mg&%m ﬁb%%q&* 9% g1 fining

arge amount of nitrate can be reduce paragrap
offfact.29520A describes in its Examples the numbers of bubbles
measurd® wihab 3B aitndineclosptoiaaeanaimnaciaed iosdwediasadatghesthat is a

SN 550, Wi 80 St bl AR o
%s&&@)cgésa%élﬂgrﬂ%ﬁ Hbisate % tﬁiéﬁgf %Ng afeds Nb
et ROt added (Example 3) was less than that measured in the case

Ylvlgvevfg the gﬂ;@éﬁm cﬁgéﬁfg%@xa gﬁh@%ﬁﬁgﬁnﬁﬁéwﬁmw

| was
BRI ES R B e AR T oot UM P ARGR s Rejadgd out
(Eaambmzammmxt)p mBxulnoited ahsten drofhentiathod diselidedby
HeisRHBlicREAD, A Mitiaie: mgy% A9t S A0SR Wheit 3Rt PRHANEE to

c%grslgg g]n?ur}%vn?%t%lﬁgld a’co alzhmony pentoxide, and thus if the nitrate

need not be added, melting segregation of a raw material caused by the
addition of a large amount of nitrate can be reduced (paragraph 0012),

JP11-49520A describes in its Examples the numbers of bubbles
measured when antimony pentoxide was added to raw glass batches.
Referring to this section, when 0.5 parts by mass of antimony pentoxide was
added per 100 parts by mass of the raw glass batch (in terms of an oxide),
the number of bubbles measured in the case where a nitrate was not added
(Example 3) was less than that measured in the case where the nitrate was
added (Example 2) (Tables 2 and 3). Also from the viewpoint of melting
segregation, the case where the nitrate was not added (Example 3) was
superior to the case where the nitrate was added (Example 2) (Table 4). In
view of the above, in the method disclosed by this publication, a nitrate
should not be added when antimony pentoxide 1s used 1n a raw material
(Claim 2).
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2 JP2001-328820A discloses "a glass production method in which a

batch of a cullet containing no arsenic oxide and a refining agent other
than arsenic oxide are melted to be formed." Examples of a refining agent
other than arsenic oxide include Sb205 and/or Sn02 (Claim 7). 5 In the
methods described in JP10-114538A, JP10-231139A and JP11.49520A

there is SHIPIIbNPIOS Srfodisrisitto adifsrenFrARG R eibay B Rich a
babttesfin thdlebserofaarglagsithat is metisidat anlighrtefimpe ppagen fikeham than

Ul ARsard U IO RRSRE " YRKLAGARL P UIRR agent other
A e R Aot ST U falt orthat it

cannot da dbedieihertiinty srrite Compdsiidd 4n3Bas., Ethdd ddbahibethih
JPAq04632882 Qe HRSEIE B REORIGEY hap @ PeHEINt s SIUNRG 8 HBErequired

cannot be.pbtained.in the case of mejting a 15 common. mixture of glass

P B R o s G B HIBES NGBS Bt OE RIBTER Egperature
dije aolkelprizserglimisention to provide a method of producing a glass
ca%able 'PE§GP(H191HE§]' _ 9@@@&@@1@&@@ ﬁezt;gg m&iﬁéﬁ 2 gtptim@asssfx has
oxide,as.an alternative refining.agent to As well as redugci

RSN IO R SAIE Dhen T e RIS R0 and
ansimagaRaxadide: (it erdhatricpraehbmyeatslepeadies en its
qethedieiproducing a glass, including preparing a raw glass batch and

melting Y gI3RS A2l AR T USRS BRDOHIES 8 proplom that

antimony compound containing pentavalent antimony; and at |east on
Sty b SRfSaRERIrb AR INE 8D BB MY [OeLAP0E Tacdtinge
aoch morrnixtaxidef|glthis rethndtdhalawiglabssbatahtianpreantidthy
mixing a mixture obtained by mixing the antimony compound and the
?éddi ing agmth the remainder of the raw 30 glass batch. According
Proa edt 8d, the preliminary mixing of the oxidizing agent
and the Hniinsonyhgentpdire gortxining: pentavalempantidroayitkthednies

pARIRING soant ehanees A FRRPAIRING BIISRIS REWEHY S use of an
antimony compound and the oxidizing.agent, so that bubbles in 35 the
BT GO0 AHSULN dEpBETaR R HRGbat PO bR VAN
nedthodobn amount of AszOs3 to be used, preferably without using As20s3,
while ensuring an excellent refining effect.

The present invention provides a method of producing a glass,
including preparing a raw glass batch and melting the raw glass batch.

The raw glass batch includes’ an antimony compound containing
pentavalent antimony; and at least one oxidizing agent selected from the
group consisting of a nitrate, a sulfate and a cerium oxide. In this method,
the raw glass batch is prepared by mixing a mixture obtained by mixing the
antimony compound and the oxidizing agent with the remainder of the raw
glass batch.

According to this production method, the preliminary mixing of the
oxidizing agent and the antimony compound containing pentavalent
antimony that serves as a refining agent enhances the cooperative effects
between the antimony compound and the oxidizing agent, so that bubbles in
the glass can be reduced.

Another aspect of the present invention provides a method of
producing a glass, including preparing a raw glass batch and melting the
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producing a glass, including preparing a raw glass batch and melting the
3 raw glass batch. The raw glass batch includes: an antimony compound
containing pentavalent antimony; and a nitrate. In this method, the raw
glass batch includes the antimony compound in an amount of more than
0.5 parts by mass and at most 3 parts by mass, in terms of an amount of
s atasAp peshoxiddepea s aassrabyhmasiugrs vas e yiHss v eppsaBad
@éﬁﬂﬁfﬁ’iﬁi@liﬁéﬁﬁﬁﬁa@é@ﬂaﬁmﬁﬂﬁhﬂ andxigditatihe Jieskot srstitdliohe raw

se glass ¢o itio r ' .of [
B L A S AL n 05
BREfSdAeamBaRionesoniBatHaP RS 1 de Hmemiing ageietr ah
axidizisgyapentokidanplesiofapaxidbithansenes lasa ghivingagesition
mﬁwgg a @H@W%‘#a%ﬁﬁ?%ﬂ%@?&nd a tin oxide. Examples of

|

an oxide that serves as an oxidizing agent include a cerium oxide. In the

above cOMVBRINERT P HRS SRR AP it R S RfeCHP ot gERsBRsRd 1n
tarmedofutsarttatrihehamberidef Gatianin ptentsoaf théheampositien kided in

DoLABRYG HIEb R ConMerife TRRIRIR « L MQhAsuCRIGHM CATRIIBISt serves
(CaCO3) is regarded as | maol of calcium oxide, (CaO). Thte same jsS h

AP AERFB e BEHVEPLi 8 SPAN G Eom FJHbP%ﬁc? AitdHg that serves
petoxiieiitg beetdserithaddatar aNbx omat oridonsertingealaexRB gladsa tin

Baiah. in terms 0fkan PN R OMRINRIN Hhah cannotiae con veried IRQuae a
eéfor eé<ample, chlorine (C12)) is expressed as it is. As disclosed in

oxid
YP118dE20%, a nitrate causes a problem such as melting segregation
rather thantéeraremgtny effdenoirdauainiiva aumbat of anberedaybes

igdﬁm%&?g@mmfb@m@%ﬂv ﬁm%&%ﬂ%ﬂﬁﬁ@ﬁoﬁﬁcrﬁ%&&ﬁﬁlﬂﬁs
mass, of) antimon ntoxide.. The,study of the presant.inventors
rompoaopn docs net Phanee %feteéa%%eo%%%‘.’ﬁa%m%|af}31eﬁ§%§)rrg%,°£ﬁ?§&n%f

ehleham ey hemssitersQetaaningiadedtathd @ oh crlsiBmassidaihad)-
M@t p ievgHils fefin ing: ebeste Siillaod the naspacisl thamporaah(into
inventio Vi thodof [ i includi '
S MR AT B LR ELR0 NIESTAE M BRSRRIN raw

Qr
FaRRiBatdh it EHEStAG RERPRSPEIBYERHRRITRSRP g into
sulfetedandéersx earjile) okideictOiding texthie pred ustidrisnethod, it is

possibleo gediGeHURPIES i a8 S1ASs LY HCORETANE LIRAREWLRR as

the_antimony compound i )
melting seg)éegam%n rather than enhancing the effect of reducing the

number of bubbles when it is used together with a relatively small amount
of (at most 0.5 parts by mass of) antimony pentoxide. The study of the
present inventors, however, has revealed that in the case of using a
relatively large amount of antimony pentoxide as a refining agent, the use
in combination with a nitrate improves its refining effect.

Still another aspect of the present invention provides a method of
producing a glass, including preparing a raw glass batch and melting the
raw glass batch. The raw glass batch includes: an antimony compound
containing pentavalent antimony; and a sulfate and/or a cerium oxide.

According to this production method, it is possible to reduce bubbles
in the glass by a cooperative effect between the antimony compound
containing pentavalent antimony that serves as a refining agent and a
sulfate and/or a cerium oxide that serves as an oxidizing agent.

As described above, according to the present invention, it is possible
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35 containing pentavalent antimony that serves as a refining agent and a
sulfate and/or a cerium oxide that serves as an oxidizing agent. As
described above, according to the present invention, it is possible 4 to
produce a glass while ensuring an excellent refining effect, even if the
amount of AS203 to be used is reduced, or it is not even used. Best Mode

forrcedying Glashavinlerrisnisingne proalendit piuthag oifest shege the

nveRtRLAkiS.oreferpblastipidhe dave dlagsibatchonekude @sedntimony
compound containing pentavalent antimony in an amount of more than

0.5 parts by mass and at_ most 3 parts by mass, in terms of an amount of
Bestiogle doxdxrrayies {at pherdn¥erfaeR of a base glass composition
expressid thdgirad efdoramett d @ Dflanpedsen tTheramasnt ofithpreferable

A4 %@’é%%ggé‘%&Péﬂ%ﬂ@é%?d%eﬁf%ﬁﬁﬁ{oﬂg}f S0oUd B8 ining

evaluate any compounad containing pentavalent antimony is

BER{RYRIEHBRHRIABNY PARGHICUR b iRA IieRigls byipaass and at
pieseftiavenbipniids pnefienable dhanthevamgaSsiiatshnyghede@nde, per 100

' ipi alent aatimonyl f
S O sl e

Bl 2 morkP trAm At BY i ARG IBRE $Ph ALy HitRg pentavalent
patiimdaghshorkl tharevhBipets aftenasy andnatomodt@ ptaisingmassavalent

aneMORS @@E{&H}I@f%@mo @ﬁﬂ&&@g}twftytgsaaé .anvnaéﬁaqﬁto%t _dﬁé‘ﬁ&pmgthod
S, respectvely, In.terms Oor an amoun ntmony pento , per
TR ROEE B L g 30 DD E A S S AL By e an
antounenyf ernpdde drepataoxitiz g atplcnl cadi v sdr @adrsmahef more
%@%,@%§ﬁgﬂ@%ﬁé§tﬁa{&,ﬁ%H@ﬁ%%@swiﬁfﬁé@%iﬂﬁ)ﬁ@ﬁ@@eﬁﬁ@%ore
ore of t bove subst%nc S mae@e u%e as the oxidir i{n%ﬁ%nt. For th
B DR AR A B0 BT T T Tt BAdyig iy, sore than

dddearts hyioprereransia impet ptaaie Pyanass, #idd mensaargigaarly more
EhAIPASIetsPIRssethiderms aftad pamaubyahaspxiespbettrely, in terms of

ot s o5 2D pUD ahaB s
e T R e e

CRBRSE LB X IRRREa A doHBE MR A anthale veasidfessions. 30 45
to 70% of<Si@20 A b irRb % eh ) kid3adtton G¥6 @k B Z6am0tie Mivupf

Mﬁ%sﬁng of a nitrate, a sulfate and a cerium oxide 1s used. Two or more of
the above substances may be used as the oxidizing agent. For example, it
may include a nitrate as well as a sulfate and/or a cerium oxide.

It 1s preferable, in the present invention, that the base glass
composition expressed in terms of an amount of an oxide be a composition
that is substantially free from an alkali metal oxide, and particularly the
following composition substantially. In this description, the % expressions
indicating components are all mass % expressions.

45 to 70% of Si0;

7.5 to 26% of Al2O3

4 10 17.5% of B203

0 to 10% of MgO

0 to 10% of CaO

0 to 10% of SrO

0 to 30% of BaO

5 to 30% of MgO+CaO+S5rO+Ba0
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0 to 10% of CaO 35 0 to 10% of SrO 0 to 30% of BaO 5 to 30% of
MgO+CaO+SrO+BaO 5 0 to 5% of ZnO 0 to 5% of Ti02 0 to 5% of Zr02
0to 1% of C12, and 5 0 to 0.5% of SO3 The above composition may
include less than 1%, preferably less than 0.1%, of components typified
by Fe203 and Na20, respectively, in addition to the above components.
ParticuldH{od thefdatf3trial production of a glass, it is difficult to avoid in
some cages tratghgiglass includes a small 10 amount of impurities
derived gw 2 .I(E}%Jls(tj"!am raw material. The term "substantially" in the

present escriptlon means that a small amount of a component, that is,

less tha® 19! ﬁéfe%bl?’ﬂéis than 0.5%, and more preferably less than
0.1% of thendmBdparfed@lsmaybe included. Therefore, the phrase "a

COMPOSHt ' tiall f Ikali ide’
s I AoE SUAE Ao TR AN e e A BRI

foh’at  prumeeretn b eaby i Batiod 28R e e wixon
abthincanglashdabiogpastrainpoint highertttanas 16 Gy thedadhstrial production

SKRANSIN FORMGERLIT ReARe H U 8x A4 G 1A 488 IA44 1 KEiRRes a small
resent inyention,. it is more preferable that the ra 2(_) glass batch brﬁ
BB L B SR RIEPHSHHE0CGE) B Hiben e term
faatertaingiably taw tlagsrbatett debo2gasemissewutiad ashighbanttvamt of a
d6hpenantl $8.a5i10 RRtah A OIEES PAVIBELD BIRIESRAIFA ONET Al more
e A S RS B Pl HRCC ARt e e BRES e
Hheaanasn ‘armemndrdion thatds pahstbpitalis freerfromrnaibatometal
&x8dé0 ﬁ%a@@%@ﬁﬁsaca&ﬂgrfggg%%ﬁ]ﬂqr?ﬁ%mﬂa?aﬂﬁeﬁﬁgﬁn%w}r
an ol o SRl At SR 00 P PR L i Pt e
BheRHE & &b st g ariagaes! W@rmm@wf@aﬁ 5°C,
hatth itledudes] thepansion coefficient in the range from 28x10°7/°C to
46x107/°C. In the present invention, it is more preferable that the raw
glass batch be prepared such that a temperature at which the viscosity of a
molten material of the raw glass batch is 102dPasec is equal to or higher
than 1615°C, and so as to obtain a glass having a strain point higher than
630°C.

As an oxidizing agent, a nitrate, particularly an alkaline earth metal
nitrate may be included. Preferably, the raw glass batch includes the
nitrate in an amount from 2.5 to 25 parts by mass, more preferably from 7.5
to 25 parts by mass, and particularly from 9 to 25 parts by mass, per 100
parts by mass of the base glass composition expressed in terms of an
amount of an oxide.

As an oxidizing agent, a sulfate, particularly an alkaline earth metal
sulfate may be included. Preferably, the raw glass batch includes the
sulfate in an amount from 0.25 to 5 parts by mass, per 100 parts by mass of
the base glass composition expressed in terms of an amount of an oxide.

An alkaline earth metal (Group 2 element) to be added as a nitrate
and/or a sulfate may be any of Mg, Ca, Sr, and Ba. It is preferable, however,
that the raw glass batch is prepared so that the amount of each metal and
the total amount of these metals included in the obtained glass are in the
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sulfate in an amount from 0.25 to 5 parts by mass, per 100 parts by mass
of the base glass composition expressed in terms of an amount of an
oxide. An alkaline earth metal (Group 2 element) to be added as a nitrate
35 and/or a sulfate may be any of Mg, Ca, Sr, and Ba. It is preferable,

however, that the raw glass batch is prepared so that the amount of each
Rreferakie arnganPaAcaRtbethabe e iRe daserihadaistined glass

are in tha, & prefelabimpngentas desiibed:above:0r te bectiededbe®latfarably,
; ; i
e 9%%4%%%%@2 B S ORr R 0 T80 1
Bg’;‘% g, la@rsmeﬁ QOReKts omﬁ%swisfél@@@éecs}ﬂﬁ%gmawnwn
expressed in tenmsseffamameunt bbAnwxikeleAs a refining agent, a tin

oxide Mays O EIASCLIOdRINR " HD:Ao AU BRY SORMRON R FURI R an
the raw glass batch ipcltides, the kﬂ}g%e in‘a fr%ﬁ 05 t?}
PRI SLRRADO pehitdesy RY Blass G ¢ tin oxide
expresseduntdhns ¢F.ah tropatrts hn made, ﬁ@llﬂ@%p@fdmbjsentmtsaof the
[%.Ihgy N9AQERAPEL AL 'fl%é&?'it:ﬁ?@E*nﬁ%’&?%ﬁ@ﬁﬁf%ﬁ?@ﬂdﬂ%tﬁﬂd\é"tfh
other co pon aw atc ore specifically, a mixture o

the refinh b#?ﬁﬁ%ﬁné“s%g RPADE T AL aD SRR RRE are
miimdenstmkedbwng thexeshnuinbartbetheorarontads bhfdte sovthglagrebatch.
desiedyawrgiass, hatehiis.pbeined. ¥ W iespeiathal the sxesihg agent is
|nvent|o at least ar%ﬁmtlmo Ny, Sempound con tﬁ’“t in gegt%v(%%%tf th raw
gn‘ﬁ?ﬁoﬁy is u‘gggeé’s a refining 15ﬁ)é;ent S AN An imony comp Ad,

ghppdnigerrotiartishsr desteri] Fowalars batehvisphésipadh may
include an @H&m@ﬂ@@@ﬂ@ﬁm&ﬁﬁtﬁh@eiﬂvﬁﬁrﬁt&@ﬁmw suehhasy

ntlmon IOXI e, The veniion ffecti wh n|
Ccon aml a'[CYFIIt gg B%St a’ﬁ% %ree 3 %Cﬁ tt

IS a p I 0 a raw g at IS SU rom arse
ﬁ@ﬁ@mmﬁﬂqwaagégﬁyé@&%@ﬁﬂ&% %lh%weaﬁ@ﬁwgm&&oweven

that iavoredierablytahphieabiadhithe piesetinimvsntion psunelcas thining
E@ﬁ%@ﬁg%&ﬁwﬁytggszq Hé%%%ﬁfﬁ(ﬂ%%%ﬁﬁ@ed T 38d5 Ahvention is

essential component orming Ss network. Less “than 45% content
H?éﬁiésﬂaauc%éf%vanmw?é%é@@e%%@F%@ ahats

strhiinointlf firecgfass; sothatcat sidfficient thermal reS|stance cannot be
Obtameehmﬁﬁé@@a} e 1999&9%}5@@5%9{19&%&%%@%% ﬂﬁ%@ﬁﬂbfeeféﬂfss that is
pre era tbqy QS{a 1ca fer%;[)u{ (Sa preg:ehu %%%%%9 Ic];gxcgls%vlglfnaes“&% Ireasons for the
limitation thereof will be described.

Si0z is an essential component for forming a glass network. Less
than 45% content thereof reduces the chemical resistance of a glass as well
as lowers the strain point of the glass, so that a sufficient thermal resistance
cannot be obtained. More than 70% content thereof increases the viscosity
of the glass at higher temperatures, which causes difficulty in melting it.
Therefore, the lower limit of the 5i0s content is 45%, and preferably 50%.
The upper limit of the SiOs content is preferably 70%.

AlsO3 is an essential component for restraining the devitrification of
a glass as well as for improving its thermal resistance. Less than 7.5%
content thereof easily causes the devitrification. More than 25% content
thereof lowers the acid resistance as well as deteriorates the melting
behavior. Therefore, the lower limit of the AlsO3 content is 7.5%, and

preferably 10%. The upper limit of the AlzO3 content is 25%, and
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30 Therefore, the lower limit of the SiO2 content is 45%, and preferably
50%. The upper limit of the SiO2 content is preferably 70%. A1203 is an
essential component for restraining the devitrification of a glass as well as
for improving its thermal resistance. Less than 7.5% content thereof
easily causes the devitrification. More than 25% content 35 thereof lowers
melaciblgsii¥iince as well as deteriorates the melting behavior.

Therefowzmqéoa&?ééiéamamrﬁﬁa%@qmenhk&rm%g anel nieRierabhavior
AE35e YRPSLUmIL ol ihe 03 GORIENLIS 230 AL BrelBrably 201 mical
§IS ah esslentla 1COlm onen OI’ |mprovmg e meﬁlng eqnav y

Trak e e b Ainni Harddvitrseistancane foPiisisvidydie H@Wld Less
fﬁaﬁtam@oﬂtmtt@dﬁédmer@%ﬁm tha builered bydaiupoe aeidihessis

% h I
e A il

insuffisnndose M%q%#@/&é&%ﬁﬁ%ébﬁwfemﬁé%%ﬁﬁm Bpint of
the glass, tﬂ&;ﬁiwlmmgghﬁéw@aﬁiaé%mm ao insufficifiiditevelevel.

'fﬂSfoB{r% ‘ﬁl #'Mﬁf&f‘ﬁé@?@%&%‘éﬁ% 4!%@”9&1?%?&2’%(&55%5%

he upper |m|to the B203 conténtis 17.5%, and prefer

?3&%%?@%&@%8 frtbm By roabeatnsisting %@)PE%@E@% 2 Bao
is preseAt; hrcsthntotal echeib fitdhe ibef ¢xditp 30%idtess oG/ HOh&rO

AQIE'I%GQQ &0f makesit ‘E’Hi&%&&é‘}ﬁﬁtﬁ&@éﬁé\@{@ Han. 39%0khan
con t thereof increases the e cgﬂﬁlm nt o %%1584 h
e RO B re M AIET T BIL AP EDh AP oroqge than
804 afidlthd eippevititithBrevidf 30Yeaand pwemmyiamxs%eﬂfg@m af the
;H@@@ﬁeéﬁéﬁrémpmm&é&r&mﬁ&@qowlamgﬁ%eﬂi@%%tmmﬁeﬁw%reof is
gny/en ?}e strain omt owe /eth 10% f%n{ ggyeof raises
g U AT S S i b il
of the N@@Qdﬁté@i@lmg%ﬁr@m@mmﬁmgm mabugab@bmp@n@ﬁta glass
h@a&g@&mﬁf@@%@ﬁ@ﬁi@ aﬁé\/&%lmi?fﬁﬂhaTn H&g@e@ﬂ;@ﬁﬁﬂmm{ li@%aﬁontent
e devitrificati ragdre, Or a.glass ere the,upper It of the
B e R SRR b R A LI B B PR = UL ELS the
mﬁﬁélﬁéﬁé\ﬁéh%ﬂ\gg@scﬁ%@mﬁwéﬂfyﬁeﬁt&%%ﬁﬁ@ﬂ@ﬂ@\ﬁf’ﬁ%catlon of
the glas€aldore shamilfite sohtevitifeirobintreatiestbaekpadsioNore than

ggﬁff&ﬂﬁ%% %%%%?ﬁégg%ﬂéé ¥y iTABEIRI6n NSRS ITUt 9T 1E,REC
Therefore, the upper limit of the CaO content is 10%.

SrO is a component capable of improving the melting behavior of a
glass without deteriorating the devitrification of the glass. More than 10%
content thereof increases the expansion coefficient of the glass excessively.
Therefore, the upper limit of the SrO content is 10%.

BaO is a component capable of restraining the devitrification of a
glass. More than 30% content thereof increases the expansion coefficient of
the glass excessively. Therefore, the upper limit of the BaO content is 30%,
and preferably 15%.

Zn0 is a component capable of restraining the devitrification of a
glass as well as improving the melting behavior thereof. More than 5%
content thereof lowers the strain point of the glass.

Ti02 can be contained up to about 5% within the range not
deteriorating the function of a glass as a display substrate.

Zr0O3z is a component whose inclusion is desired because it raises the
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BaO is a component capable of restraining the devitrification of a glass.

More than 30% content thereof increases the expansion coefficient of 30

the glass excessively. Therefore, the upper limit of the BaO content is

30%, and preferably 15%. ZnO is a component capable of restraining the
devitrification of a glass as well as improving the melting behavior thereof. _
perentparrs et adritdin deredt fsware tReisedingamd seelangsasd thopalkali

eadidecentaifeshupdy abor Bramiitinshedangedrebideteiipratingthhe striae
Blmifrd%Ui%i%%??%?s%fpé%yc&%gﬂﬁ?ﬁegrﬁ?e 15,2 16RMRARIEN Whose
inclusion is desired because It raises the s,tralr%&%nt of a glass as well

as imprédintp e aBRTReRIANGE baa mEehirineelrthAnd HoWETRRIMBA
thass5% leorgtent ilerent@asily cpuses’tha sttipec rdidewvitpiftoadidiias

well as deterjorates ihe melfing hehavior,G12 15 3 gampenen; h1avhas a

refining effect and_can remain in a 5 glass as.long as its content is up to

iR srefetatiiateioobsos sebasian extERER 4Rt can remain in a
glass uBimibitriasna thmabvdey, of g swifatevdich thed assanoMigiziigon more

ﬁﬁ%}a%mﬁﬁrﬁé“%at}gﬁe?ﬁﬁs@gﬁ%%wgﬁm? QIERENRVENGhs of an

more, preferably can be lied, (basg glass composition expressed in
) BRI B DR o L i SRR A SO Beigssed by

when Yxpgassed by mass % again: 50 to 70% of Si02 10 to 20% of
A1203 #poAFoafdeN3 15 O to 7.5% of MgO 0 to 10% of CaO 0Oto

10% of ?QC% (%55 /15£/§&§f($a0 5to 17.5% of MgO+CaO+SrO+BaO 20
Oto5%0tZnO 016 5% 0f 1102 0 to 5% of Zr02 0 to 0.5% of C12, and

0t00.5%#303L % of B20s
0 to 7.5% of MgO

0 to 10% of CaO

0 to 10% of S5rO

0 to 15% of BaO

5 to 17.5% of MgO+CaO+5r0+BaO
0 to 5% of ZnO

0 to 5% of TiO:

0 to 5% of ZrO»

0 to 0.5% of Clg, and

0 to 0.5% of SO3

Examples
(Examples 1 to 6)

A raw glass batch for each Example was prepared so that it has a
base glass composition shown in Table 1 and includes a refining agent and
an oxidizing agent shown in Table 2. As described above, the base glass
composition was calculated by excluding oxides (ShoQOs, SnQy) that serve as
refining agents and an oxide (CeQ2) that serves as an oxidizing agent. A
sulfate and a nitrate shown in Table 2 were added as alkaline earth metal
salts. Therefore, the alkaline earth metals contained in these salts were

counted as oxides in the base glass composition.
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Examples (Examples 1 to 6) A raw glass batch for each Example was
prepared so that it has a base glass composition shown in Table 1 and
includes a refining agent and 30 an oxidizing agent shown in Table 2. As
described above, the base glass composition was calculated by excluding
oxides (Sb205, SnO2) that serve as refining agents and an oxide (Ce02)
tedileehves as an oxidizing agent. A sulfate and a nitrate shown in Table

Rovepermddef asidlkalinesdath meBiGialts. Tigefore, thealkalise®arth Bao

mMitals egntaineghim these1satis werey 85 cpunted as|oxiges injithedbgse| 6.0

glass composition. 9 Table T Component SiO2 A1203 B203 M90 CaO

SrO BaO Mass % 60.5 15.0 7.5 1.5 5.5 4.0 6.0_ As a raw material for the
sulfate, ATAIEATh RAtSIEaL AT Udss uliatas st s e aitiend; and as
ragnesiary lstfontiln atddarium pitcatasn Ssenetuseda T d reimaindens tes

Qlthe ravd materials of NAANESHTH SRR Bl RIFPAUR m%ﬁééiﬁ% Welium,
their carbonat : . As other materials, a silica powder alumina, a boric.
G"aaééil

SRR aH AT BRI RER S DB FaARRa S rining SERATSIGHRIAALs. a silica
temtiteoypehioxide andetanad xidd) avereiusedxiethvenaoresdn edstihe

pifsxapnlesd and fidbeAnEmeny pentexids ARethiheioxdiaingReetsed.

previou re mixed (premixed)_before they were, mixed with the base .
Giass rab BEEHEAC Fhdh e T By e BroR R e oride
prislethovithitheingragensmoptiovaly glase prixed Masmxpshhgilwe they were
IR0 Exanepie fglapleraxamBiR ExBM pl‘helx?tﬁé;ﬁi@tt@@‘ ipigiReRy the
S80052.0 202,02 02040 Zfehido e, Qiizing agent Ce2

Table 2
Example | Example | Example | Example | Example | Example
1 2 3 4 5 6
Refining agent
Sba0s | 2.0 |20 | 20 | 20 | 20 | 20
Sn0z 0.1 0.1 0.1
Oxidizing agent
CeOe 0.48 0.48
sulfate |7 P PR 15 | T
mtrate |77 - - -~ 1 'B1 162 | 162
Premixed - Yes — - - Yes
Number of
bubbles 140 120 150 200 80 50
(pieces/100 g)

(Components are expressed by mass % in this table)

After each of the batches prepared as described above was melted in
an electric furnace at 1600°C for 4 hours using a platinum crucible, the
molten material was poured onto a stainless steel plate and formed into a
plate-like shape, and then cooled down to a room temperature. The
number of bubbles contained within an area of 5 cm square in the center of
each obtained glass was measured using an optical microscope, and then
converted into the number thereof per 100 g. The respective results are
shown in Table 2. '
(Comparative Examples 1 and 2, and Reference Example 1)

10
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---5.116.2 16.2 Premixed - Yes - - - Yes Number of bubbles 140 120 150
200 80 50 (pieces/100 g) 15 (Components are expressed by mass % in
this table) After each of the batches prepared as described above was
melted in an electric furnace at 1600C for 4 hours using a platinum
crucible, the molten material was poured onto a stainless steel plate and
formed fREEP2DABINR FiKATBRADC. eSS A BEdRW BBVor VA kgghan timony

tempesatlse. theerafliinbengbbitbblEs eontainad Wikimaltealda aheeample
Sae e G90ie" 0l SRGR PRIAL Bdo1aRs e Foneany %getfﬁlng RBte that

opt|cal |croscope an en converted into t ereof per 100
peejeErmple ﬁ%a?eewinwlr‘%?eaésaw Bifpalite20s) was used

E%ahmieﬁﬂlagchgeand Reference Example 1) 10 Comparative Example

1is an gxample whe 5%5&%(&4;%9{6&@{'810@}61:\1%&&%@ E%céf}ﬁﬂfég‘mxﬁg%”is well

Comp atlve xamp 2|s an example where ent valent antimony was

e]nFV KRGt @THRBAR fﬁ?éﬂﬁ‘ét'é’f it GSaexampler 28
W‘E@H‘Bmc tTthédes fAS203) geas usedtieaxitieziotineg Egenradded in the

glass vemaesals ISP P RAIN S B Mtes b aNSL 2185wl 688h of these

ﬁ}\fer ce Exam le 1 were éﬁﬁared res ectlvel |nt sa %manng‘haﬁh
SRS LG 20 RN AT BT St A Ee

hidsherefor flagasnshtive Exnabids, 20.d Refrresty agspleegeheoprepared

taepectii brse Blass rawtMaterials %&h@&?éﬂﬁr@ﬁ&ﬁﬁhﬂ@é%ﬁ&%@@rﬁ@

at thel batch%ﬁ for C arative xagn s and R ce Exa IS were
£11 as a su Wore a

prepa areq’ respec%ve otePth At ompara |ve xamp fas and

Reference Example, no other OX|d|2|ng agents (such as a sulfate) were

2dygee 315 Table 3 Comparative Comparative Reference Example 1

Example 2 Example T Relining ,aqet A8Z‘(’5%mpm Atfve T Reference
"""""""""""""" ~Exanple 150203 Bfhmple 2 Example 1
Refining agent
As203 | SN ISR GNURRRNS RSN 12 .
Sh203 20 e e
Sb0s ] 2.0 .
Total amount of Sb (2.9) (2.0) (---)
Oxidizing agent
nitrate 9.4 0 9.4
Number of bubbles
(pieces/100 g) 280 210 30

(Components also are expressed by mass % in this table. The total amount
of Sb denotes the total amount of all the antimony oxides in terms of

antimony pentoxide (Sb203).)

These batches were melted in the same manner as in Examples so
as to obtain glass samples. The numbers of bubbles also were measured in
the same manner, and the respective results also are shown in Table 3.

Note that since Comparative Example 1 is an example where
antimony trioxide (Sb203) was used, the amount thereof in terms of
antimony pentoxide (Sb20s) that is a pentavalent antimony compound also
is shown in this table.

The above results of Examples and Comparative Examples show the
following.

11
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--------------------------------------------------------------------- Sb205 --- 2.0
------------------------------------------------------------------------ Total amount of
Sb (2.2) (2.0) () Oxidizing agent nitrate 9.4 0 9.4 Number of bubbles 280
270 30 (pieces/100 g) (Components also are expressed by mass % in
this table. The total amount of Sb denotes the total amount of all the

antimon{:olddiprresnis ok dhtmewny eptdkdesiss @yl Compudive
Ratahgs e mgﬂ%mb@@am inaties s Bxampledaovels tighiaimount

ssamlesT ersf bbles r Yol e
%%n%ler ar{ﬁﬁe resp r%?/e raéasu?té also g%riea S o%v%ﬁﬁ?%fﬁgz%g%egt%at’
@ﬁé@@@ﬁiﬁ:ﬁ&%@ @ arig shdabmprestherevaihithsn iy
KShe03lwakruskics thtyamauot therhofmalieims «ff@5.antimony pentoxide

(Sb205)4k Z%'&@B?&H tﬁﬂe" Bﬂi’t‘s‘ R%{Ek‘i'p%%% 'érﬁi‘%wﬂl'e‘;‘&'&léofa

table. T resu xamp es an Comparatl ek amp es show

Héﬁ?%ﬁvﬂ’@oﬂl%%f |E}l§pfﬁélfbﬁi%ﬁ€ﬁ¥§ RS R pdigpgddition of a
tCoeyidaved Exammpe mwa‘sanbseﬁmdglmifentthelﬁmmmea in Example

ée!é‘i%%'é{éﬁf% amaunt t‘?ﬁ&ﬂﬁ@%ﬁ’spﬁﬁ%'d&@’ﬁeﬁﬁﬁ&ﬁgi?%ﬁgﬁiﬂ@@_HI
oxidizing agent, particularly a ceri xide sulfate her with
B e e R e A

sippidaertoftbmtthbteseitsiof Retrpies Emmﬁletﬁevmber@f@rsgmaﬁmemxide was
§4pgunt of the oxidizing agent as well as the further addition of a tin oxide

produce-a more.marked refining.effect.,Furth
althouglgj?’l%lg?géﬁ%ﬁ%?({&]ég 9:75%]6 85%%1 et% en{?n&%n ] ilrfi? @X&i mI?L]ﬁS 5 and
Godispectovibky,prbparedicha %Hﬁﬂ@@itéﬁﬂﬁ%ﬁlm anélmmﬁmeétt@&m(a@d

e 6&&&%&@ @@ﬁ@@diﬁ}@ﬁ&@&@ﬁﬁ@&ﬁmﬁmﬁbef@s@rgmg tEexigiterial
was arlso een Exam 1 and 2 as well as Examples
% %Ie%% rgspe oweg ?héﬁ e b}ggiﬁm E]o%sthe antimony

pentoxua‘éwaﬁ@ergl emamr@le@@rfﬁs%#é Gt %J(ﬁ?%ssﬂ/mpﬂ-ﬁé phjgined in
Wapsdiaveiaienalles were in the range from 28x107/°C to 46x10°7/°C (about

37x107/°C), and their strain points were 630°C or higher (about 670°C).
The temperature at which the viscosity of the molten material of the raw
class batch in each Example was 102d-sec was equal to or higher than
1615°C (about 1655°C). Note that the thermal expansion coefficients were
measured according to JIS R 3102, The strain points were measured
according to JIS R 3103. The viscosities were measured according to JISR
3104.

Industrial Applicability

The present invention provides a method of producing a glass with
an excellent reduction of bubbles with minimal use of arsenic trioxide, and
thus has many applications in the field of glass production technology.

12
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reduces the number of bubbles in the molten glass. The thermal
expansion coefficients of the glass samples obtained in respective
Examples were in the range from 28x10-7/C to 46x10-7/C (about
37x10-7/C), and their strain points were 630C or higher (about 670C). 20
The temperature at which the viscosity of the molten material of the raw
glass batch in each Example was 1 Bvas equal to or higher than
1615C (about 1655C). Note that the thermal expansion coefficients were

easured according to JIS R 3 e sfrai ints were measured
?bcordir% %ef%%eogfﬁf&? ﬁlen\%ls&():%%%%é %g/)é?r{g ﬁ%gglred according to JIS
R 25 3T04PRIGDStAN N BHREBIE TS ProvEstHe étisRReveoapound
moeihadiefpredusindan glassi with yam adcet|émd seduetiondinbblgsnvishlected

nimal i eatione in {
e P e R S S R R
produciﬁﬁ‘%%%},l%"ﬁfﬁrw BF’éﬁQring a raw glass batch comprising: an
antimonyherepeuhd bacopfainingapehtaypientartinhgnyriandat lnastwore
%’%&@a 895RESHISHRS oM A0HR 60RRISIRG Al& it En8 selidtewith

a ceriim oxigde; and melting. the raw glass batch, wherein the raw
Hreseemaacnde ned ShretrBy ?\(}_f%t xture obtained by mixing the

antimony compound and the oxidizing agent with 10 the remainder of the
raw glaspihataby g, d Begrsthearal Rrodusing.aaiRsS 36a0IsliRg to Claim 1,
wherein the raw glass batctpﬁco ﬁ? es the antlm%?l)é c%ﬁggﬁund und
containiﬂglﬁg?h% e Sntrfoh TARIEST MG MER TS BardDy
tontrEssnmn ettt R pantinomass, n rmesiot af mersuthon hbmanks by
RENNE¥HE, AeMbRP PRHSRILNASELR, drbasmtlasseonpeslivofaIRasas

. ierma of an gmeunt of a0 axide, uher e hase dlase camROSAN cced in
8)‘%8 S&L8% RYe 8faR a o_unfgof0 an oxideds a comp%5| 1on OF the raw
wg;tﬁbsﬁ@mmmmg: of am amiskint of an 20 oxide, excluding an amount of

an oxidefhatsehehas alelininmagaitionaexepidiandmgennSoflie amount of

Tietad OL LIS aST BREAPOIOS AltRch: RIS PR Y AR of an
aj[CF'l{ IS prepare‘gil, as a base glass co ,deSItlon _

oxide, excluding an amount of an oxide that serves as a refining agent or an

oxidizing agent.

3. The method of producing a glass according to Claim 1,

wherein the raw glass batch is prepared, as a base glass composition
expressed in terms of an amount of an oxide, so as to substantially have a
composition of, expressed in mass percentage:

45 to 70% of SiOg;

7.5 to 25% of AlOs;

4 to 17.5% of B20s;

0 to 10% of MgO:;

0 to 10% of Ca(;

0 to 10% of SrO;

0 to 30% of BaO;

5 to 30% of MgO+Ca0+5r0+BaO;

0 to 5% of ZnO;

0 to 5% of TiOs:

0 to 5% of ZrOg;

13
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25 expressed in terms of an amount of an oxide, so as to substantially
have a composition of, expressed in mass percentage: 45 to 70% of Si02;
7.5 to 25% of A1203; 4 to 17.5% of B203; 30 0 to 10% of Mg0; 0 to 10%
of CaO; 0to 10% of SrO; 0 to 30% of BaO; 5 to 30% of
MgO+CaO+SrO+BaO; 35 0 to 5% of ZnO; 0 to 5% of Ti02; 0 to 5% of
Zr02; 13020l Webftd 2nehd 0 to 0.5% of SO3, where the base glass
composiiigh @xoresssdiy) terms of an amount of an oxide is a

compositipn of (e raw dlass LAeh NLIeImS LB AMPUILEL AN oF 3K UGnount of
excludlng an amoun?o? gﬂ OXI&GD{HJat serves ds a refining agent or an

BRiAFIRY g seapTHRsicEa{dh et pre @A Whade deEBrepigte et of an
whaeeipdkiedareglasshatohtisfuanacait shas dorobtain a gebsidd hgaingr an
gxg,gl%in gr%iln%qk%her than 575C, and a thermal expansion coefficient in the
range]frr1 B8X10-7/C to 46x107/C. 5. The method of producing a glass
according to Claim 1, wherein the raw glass batch is prepared such that a
temperditite aic tiodhithradisdogty piamottendnageriaCohthe Taw glass

batch is AQ2ABaSA%I$a6AR1L0 REAIANELIAN 16136 310 3BETI% AL

a glass having a strain_paint higher than 630C. 6. The method of .
B?a’dagiﬁgssrgwsg%é&bﬁbﬁ&%r&rw o AL PR iich
fodffaricomiprites stirgoXiden Z3A10EHOdodPrddféNy a glass,
comprising: preparing a raw glass batch comprising: an antimony

compou % containi entavalent ar%mon . and.a nitrate; and.25 melting

the rawﬁ;l %?ﬁﬁ&%‘?\%ﬁgrgﬁlﬁ%%@v Pfﬁs%:ﬁf)@ %tﬁfiéiasl{?i antimony
compouwthérein the raw glass batch is prepared such that a temperature at
which a viscosity of a molten material of the raw glass batch 1s 102dPa-sec is
equal to or higher than 1615°C, and so as to obtain a glass having a strain

point higher than 630°C.

6. The method of producing a glass according to Claim 1,
wherein the raw glass batch further comprises a tin oxide.

7. A method of producing a glass, comprising:

preparing a raw glass batch comprising: an antimony compound
containing pentavalent antimony; and a nitrate; and

melting the raw glass batch,

wherein the raw glass batch comprises the antimony compound in
an amount of more than 0.5 parts by mass and at most 3 parts by mass, in
terms of an amount of antimony pentoxide, per 100 parts by mass of a base
glass composition expressed in terms of an amount of an oxide,

where the base glass composition expressed in terms of an amount of
an oxide 1s a composition of the raw glass batch in terms of an amount of an
oxide, excluding an amount of an oxide that serves as a refining agent or an

oxidizing agent.
8. The method of producing a glass according to Claim 7,

wherein the raw glass batch comprises the antimony compound in
an amount of more than 0.7 parts by mass and at most 3 parts by mass, in

14
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an amount of more than 0.5 parts by mass and at most 3 parts by mass,

in terms of an amount of antimony pentoxide, per 100 parts by mass of a
base glass composition expressed in terms of an amount of an oxide, 30
where the base glass composition expressed in terms of an amount of an
oxide is a composition of the raw glass batch in terms of an amount of an
e efeuding antapfiemitobay prdtotidesoaied s parsinirguassmiihe

B O¥idizing aganitBn S xpResaethad ol prodnain G m elass A kMet0
Claim 7, wherein the raw glass batch comprises the antimony compound

in an amount of more than 0.7 parts by mass and at most 3 parts by

Pnass, inl e methodidpredygin s Rt aywetiaade, PenaoBparts by
mass ofiiierbaseldiasscemposiechexpigssedIniiermsphamarnayitwid in
20 2x1d0.9- e methad,of Bﬁgﬁ%ﬂ% %%%%?f&%%&%%%&@% By Inass, in
wnerein the raw glass %atch omprises the antlmoné/ compaouna in an

tarpeichnbrotahof SHAROBY RABWEHPaPRTOLYS PaFs By mdss, 4k the

herus:biancampusitahaaimenyqbmoide pef 100 parisbyisassotthe
base glass composition expressed in terms of an amount of an oxide. 10
10. The method of producing a glass according tg Claim 7, wherein the
Hirate id 46 anesiod QAREATREANSIRHE2 51 PePREAREAB A S Bolucing a
glass acghrdiamtth€laiir Ztonkerninlibel raw glath batthl coteptises the
nitrate in an amount 15 from 7.5 to 25 parts by mass, per 100 parts by

mass of the base glass compasition expressed in terms.Qf an amount of
B i B P R BRI B S B MR G Ve 7.
whereinvthe rain glassoatetniss frepares e tise Htlse yitse20 an amount

£OMPPS IS PLeeSe Il RN &f RVPMAYRIAS AMheXigRIROKRglass
substar}&allé/ have a c m!%(%smon 0 expressedtlnfmass Q{;rcentage: 45 to
FIHP BFSI02, F B3R 0 AT20S AT BV St 826325 0 to 10% of

MgO; 0 to 10% of CaO; 0 to 10% of SrO; 0 to 30% of BaO; 5 to 30% of
MoO+CaRa 2 HBaGf producing a glass according to Claim 7,

wherein the raw glass batch is prepared, as the base glass
composition expressed in terms of an amount of an oxide, so as to
substantially have a composition of, expressed in mass percentage:

45 to 70% of Si02;

7.5 to 25% of Al2Os3;

4 to 17.5% of B203;

0 to 10% of MgO;

0 to 10% of CaO:

0 to 10% of SrO;

0 to 30% of BaO;

5 to 30% of MgO+Ca0+Sr0+Ba0O;

0 to 5% of ZnO;

0 to 5% of TiOg

0 to 5% of ZrO»;

0 to 1% of Clz: and

0 to 0.5% of SO3.

13. The method of producing a glass according to Claim 7,
wherein the raw glass batch 1s prepared so as to obtain a glass
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30 0 to 5% of ZnO; 0 to 5% of Ti02; 0 to 5% of Zr02; 0 to 1% of C12; and
0 to 0.5% of SO3. 35 13. The method of producing a glass according to
Claim 7, wherein the raw glass batch is prepared so as to obtain a glass
15 having a strain point higher than 575C, and a thermal expansion
coefficient in the range from 28x10'7/C to 46x1/-7/C. 14. The method of
paednging & glagscantdridihgrt¢12laifi 3, 6, vanel @it ibemal gtass bateh is

Riepied sHehithale, lRMpsiabie A which agdsepsity: of a molten

material of the raw glass batch is 102dPasec is equal to or higher than
1615C, and so as to obtain a glass having a strain point higher than

B30C. 10HsnEhodethipatahprodugiotp asghassratogr ting i @ldim 7,
Where(;nv&ﬁ%f&wl@i?é%@ﬁtgmggmcﬁq@gﬂéﬁm@@lmfﬂﬁaa%%% fmsthature at
Of producing a .glasg, comprising. prepari araw SS cO IAg. .
B o0 P A AT e GBS SRy B 1) AL see is
egviahiosidelghdiotasulGid Ahdundslang teokiniglasslpaschatngastrain

peethad of redugirgpahass according to Claim 16, wherein the raw
glass batch comprises a cerium oxide. 20 18. The method of producing a

glass according to Claim 17, wherein the raw glass batch comprises the

£8rium GheensBrwhafamadvsing a fasparerintmee ([Jaimoo parts by

mass ofhlkasmalassr sRraRasitinrexpreshed s heprisef aniameidy, of an
oxide, 25 where the base glass composition expressed in terms of an

amount of an oxide is a composition of the raw, glass batch in terms of an

Efnountdmaethndad BxeliiHtEh SlATSwu SO BIEARR e that serves as a
refining pgartdngn oxidiziagsabenth 30:1hpridinghethadtfprogwoingpaund
aecqrdi i . e raw: glas c i .
S RIS b e PSS an
melting the raw glass batch.

17. The method of producing a glass according to Claim 16,
wherein the raw glass batch comprises a cerium oxide.

18. The method of producing a glass according to Claim 17,

wherein the raw glass batch comprises the cerium oxide in an
amount from 0.1 to 1 parts by mass, per 100 parts by mass of a base glass
composition expressed in terms of an amount of an oxide,

where the base glass composition expressed in terms of an amount of
an oxide is a composition of the raw glass batch in terms of an amount of an
oxide, excluding an amount of an oxide that serves as a refining agent or an

oxidizing agent.

19. The method of producing a glass according to Claim 186,
wherein the raw glass batch comprises a sulfate.

20. The method of producing a glass according to Claim 19,
wherein the sulfate is an alkaline earth metal sulfate.

21, The method of producing a glass according to Claim 19,
wherein the raw glass batch comprises the sulfate in an amount
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wherein the sulfate is an alkaline earth metal sulfate. 35 21. The method
of producing a glass according to Claim 19, wherein the raw glass batch
comprises the sulfate in an amount 16 from 0.25 to 5 parts by mass, per
100 parts by mass of a base glass composition expressed in terms of an
amount of an oxide, where the base glass composition expressed in terms

5P Eh BT MO 2B SRR 5% B5HH P ISR 6t B PARS hds et itsterms
afrapaitounteeesse dxidee excuding amamounf aharxoldde that serves

as a refiging. ageALN AN 1IdiZING AARRE2Ex T hR AR IO gohR %@lléﬁ'in%ﬁount of
rﬁprlses e

glass.according to Claim 16, yherein the raw glass batch co

SR A0 G B ERPRP G R TG B e B BF AR BB ot an
onite, theel 05 e bynvass ahdiadridsttd paserbgsaass refilemesagfean or an
amaynt fa%@m)ony pentoxide, per 100 parts by mass of a base glass
composition expressed in terms of an amount of an oxide, where the

base glass composition expressed in terms of an amount of 15 an oxide

#a comPositimtiuidie predysssbatelnivs reeass dtentarhdame diéan oxide,
eX_C|l_JC_“%&E‘i‘gg@%ﬁ%ﬁ%@ﬁ@?&?@ﬁ%gﬁﬁ@&i%&@lt&ﬁﬂﬁ&@ﬁlﬁ@ﬁ?t&fnﬁi?bund
oxidizing agent, 23. method of producing a glass accordin al
RIS R e B T SRR ST SO B s by

wEFhasidet wosteddurin Rohmass aRdRIGoASPahBRRIEN el mony
seRssanially-haveoe, sompesitiar Obfexpressghh iz mans patianagsedbdd in
70% of Si0Q2: 7.5 10 25%.0f A1203: 25 4 to 17.5% of B203: 0 to 10% of

G0° t%nl%’%ogf%%gg? %’51%% of SrO; 0 to 30% of BaO: 30 5 to 30%
of MgO¥d%es e baasl BsaumRrSHeR 638 BEref s B9 E8p grmount of

ZAfi@Ride is a composition of the raw glass batch in terms of an amount of an
oxide, excluding an amount of an oxide that serves as a refining agent or an

oxidizing agent.

23. The method of producing a glass according to Claim 16,

wherein the raw glass batch is prepared, as a base glass composition
expressed in terms of an amount of an oxide, so as fo substantially have a
composition of, expressed in mass percentage:

45 to 70% of Si0g;

7.5 to 25% of Al2Os;

4 to 17.5% of B20s;

0 to 10% of MgO:;

0 to 10% of CaO;

0 to 10% of SrO;

0 to 30% of BaO;

5 to 30% of Mg0O+CaO+SrO+Ba0;

0 to 5% of ZnO;

0 to 5% of TiO2;

0 to 5% of ZrOa2;

0 to 1% of Clg; and

0 to 0.5% of SO3,

where the base glass composition expressed in terms of an amount of
an oxide is a composition of the raw glass batch in terms of an amount of an

17



10

15

0 to 1% of C12; and 35 0 to 0.5% of SO3, where the base glass

composition expressed in terms of an amount of an oxide is a

composition of the raw glass batch in terms of an amount of an 17 oxide,
excluding an amount of an oxide that serves as a refining agent or an

oxidizing agent. 24. The method of producing a glass according to Claim

Q610 PRSI ISR W RIS Rk i P e 3P e G D BraR{IRIgIESgent or an
beidivg wesdigntpoint higher than 575C, and a thermal expansion

coefficient in the range from 28x10 71C to 46x10'71C. 25. The method of

roducing a glass accqrding to.Claim 16, 10 Wh%r,ein the raw glass batch
%%repaﬁt?éﬁ&%l@?@ rHEr8 BTy @&Eﬁ’tﬂ)‘?‘%ten

materialvohtheirathglesy hatcls katORdP asepasedquahtotorohigharahgass
19186 AR S9A5IM P RN G 9SSR BaXNY A s AN HRRINGLDIGRSH thath

LT B RSP A AT e RS e, 16

25. The method of producing a glass according to Claim 16,

wherein the raw glass batch 1s prepared such that a temperature at
which a viscosity of a molten material of the raw glass batch is 102dPa-sec 1s
equal to or higher than 1615°C, and so as to obtain a glass having a strain
point higher than 630°C.

26. The method of producing a glass according to Claim 16,
wherein the raw glass batch further comprises a tin oxide.

18



